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ABSTRACT 


A total of 10,763 crabs, belonging to 18 species, collected from 
different areas in Taiwan were examined for Paragonimus. The presence 
of the rodent lung fluke, P. iloktsuenensis, was recorded for the first 


time. 
Taipei County. 


This parasite is restricted in distribution to Alilao village of 
P. westermani was found distributed in north-western 
Taiwan, particularly in Taipei, Hsinchu and Miaoli Counties. 


The 


prevalence of infections in the crab hosts are given in TABLE I. It 
was observed that the occurrence of Paragonimus infection in the crab, 
Potamon rathbuni, has decreased in the last twenty years in Taoyuan, 


Hsinchu and Miaoli Counties. 


In contrast, no decrease was found in the 


crab, Eriocheir japonicus, during the last two decades. 

Four species of crab-transmitted trematodes other than Paragonimus 
were found in the present study. (Of these, one was a new species 
and two were recorded for the first time in Taiwan. 


Nearly twenty species of Paragonimus 
in Asia, Africa and the Western Hemi- 
sphere have been described since the 
discovery of Paragonimus rudis by Diesing 
in 1850 (1). Of these, only Paragonimus 
westermani is known in Taiwan recently. 
Kinugasa (2) and Sai (3) made extensive 
county wide surveys for P. westermani 
infections in Eriocheir and Potamon crabs in 
Taoyuan, Hsinchu, and Miaoli Counties, and 
Taichung, Changhua and Nantou Counties, 
respectively. Huang and Chiu (4) determined 
the rate of P. westermani infection in 
Eriocheir japonicus crabs being marketed 
in Taipei city for the purpose of the 
investigation of the increase in the number 
of paragonimiasis patients in this city 
after the war. During a skin test study 
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with purified derivatives of P. westermani 
and Clonorchis sinensis in inhabitants in 
Hsinchu County, Watten, Kuntz and Liu 
(5) also examined a considerable number 
of Eriocheir and Potamon crabs. 

Since 1959 extensive examinations of 
crabs have been made by the author in 
order to secure more information about 
the genus Paragonimus on this island. 


Consequently, the presence of Paragonimus 


ilokisuenensis was recorded (6). The 
present paper is to record those findings 
obtained from the crab examinations. Some 
previous published data are included in 
this report for the sake of completeness. 


MATERIALS AND METHODS 


A total of 10,763 crabs were collected 
from various areas in Taiwan, mostly 
from August 1959 to February 1962 and 
a few in 1964. The majority of crabs 
were obtained from the plain area of the 
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jsland. Special attention was given to 
brackish water crabs because they host 
rodent Paragonimus in China mainland 
and Japan. Crabs examined comprised 9 
genera and 18 species, i.e. Eriocheir 
japonicus de Haan, Eriocheir rectus Stimp- 
son, Potamon rathbuni de Man, Potamon 
dehaani (White), Potamon formosanus Parisi, 
Potamon (Geothelphusa) sp. *, Parathelphusa 
sinensis H. M. Edwards, Sesarma dehaani 
H. M. Edwards, Sesarma bidens (de Haan), 
Sesarma plicatum (Latreille), Sesarma hae- 
matocheir (de Haan), Sesarma impressa 
H. M. Edwards, Helice tridens tridens (de 
Haan), Helice tridens wuana Rathbuni, 
Chasmagnathus convexus de Haan, Varuna 
litterata (Fabricius), Goetice depressa (de 
Haan), and Hemigrapsus penicillatus (de 
Haan). 

To examine the crabs, the gills, liver 
and other internal organs were removed, 
compressed between two large slides and 
examined under a dissecting scope. Muscles 
were examined only in Eriocheir, Potamon 
and Parathelphusa crabs. The cephalo- 
thorax, without carapace, and the legs 
were minced with a meat grinder, washed 
through a metal sieve with water, and 
allowed to settle. The sediment was ex- 
amined with a dissecting scope. The 
muscles of Potamon sp. from the endemic 
area of Paragonimus iloktsuenensis, Alilao 
village of Taipei County, were dissected 
from the exoskelton and examined by press 
preparation. Only the gills were examined 
in some Eriocheir crabs that were 41mm 
or more in breadth of carapace. 


RESULTS AND DISCUSSION 


The metacercariae of P. westermani 
were found in four species of the fresh 
water crabs, i.e., E. japonicus, P. rathbuni, 
P. dehaani and Potamon sp. This con- 
ventional type of lung fluke was found 
| widely distributed in north-western Taiwan 
(Fig. 1). Infection rates varied from 1.3 
* Regarding the identification of this crab, refer to the 


paper published by the author in the Jouranl of 
Parasitology, 48: 423. (1962). 


to 89.6% according to the species of the 
crab host and locality (Taste I). E 
japonicus is considered to be the most 
important vector in transmission of human 
paragonimiasis in plain area. The highest 
infection occurred in this species of crab 
from Taipei County (29.6% or 4.78 of cysts 
per crab examined), whereas in Hsinchu 
and Miaoli Counties almost the same 
degree of infections were obtained (5.1% 
or 0.08 of cyst per crab for the former and 
7126 or 0.19 for the latter). The lowest 
infection was observed in Taoyuan County 
(0.422 or 0.004 of cyst per crab). The 
crab host, P. rathbuni, is more important 
in acting as a source of human infection 
in the mountainous area. Hsinchu and 
Miaoli Counties again showed the same 
degree of infections in this species of crab, 
i.e., 12.396 or 0.28 of cyst per crab exam- 
ined for the former and 13.5% or 0.47 for 
the latter. Only two crabs were found 
infected with Paragonimus metacercariae 
in Taoyuan County. 

Comparing the intensity of infection 
of the present study with that reported by 
Kinugasa (2) in Taoyuan, Hsinchu and 
Miaoli Counties, there has been a de- 
creasing prevalence of infection in P. 
rathbuni during the last twenty years 
(TABLE Il). An average number of meta- 
cercariae per crab examined was more 
than 1 in 1943, while it was less than 1 
in the present study. In general, no 
decrease was observed in E. japonicus from 
Taoyuan and Hsinchu Counties, while in 
Miaoli County there is a little decrease of 
infection (0.66 to 0.19 of cyst per crab). 
Sai (3) collected 316 Paragonimus meta- 
cercariae from 1,470 P. rathbuni with an 
average number of cyst per crab of 02, 
and 78 cysts from 965 E. japonicus with 
an average number of cyst per crab of 
0.08 in Taichung, Changhua and Nantou 
Counties. However, no positive crabs were 


detected from those counties in the present 


study. 
Infected P. dehaani crabs were found 
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Figure 1. Localities of crab collections in Taiwan (1959-1962 & 1964) 
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TABLE I 


Prevalence of Paragonimus infection in crab hosts in Taiwan 


Locality 


Species of crab 


Taipei County 
1. Yuan-san (EI) 
2. Erh-chung-pu (CHE) 
3. Lu-chou (M) 
4. Lou-tzu-tsu (BE 
5. Cheng-tzu-liao (ETS) 


6. Chu-wei (PH) 


7. Pa-li (AH) 


8. Sin-hua-tien (MULE) 
9. Hsi-pan (SHO 
10. Pa-lizn (AB) 
11. Lao-mei (4) 
12. Shi-men CEP 


13. Alipon (HH) 


14. Alilao (Uni Biz) 


15. Wan-li ($E) 
16. Keelung city (Jf RTH) 


17. Pao-chang-keng (Ei 
18. Hsi-chih (Wih) 

19. Nei-hu (Uy) 

Mu-cha (AH) 

21. Shen-keng (22b) 


i 


dehaani 
dehaani 
dehaani 
dehaani 
dehaani 
japonicus 
dehaani 
bidens 

S. plicatum 


H. tridens tridens 


(à (0 El t) € a & o 


H. tridens wuana 
C. convexus 
dehaani 
bidens 
plicatum 
haematocheir 
japonicus 
japonicus 
japonicus 


haematocheir 


dehaani 


Lo 


haematocheir 
E. japonicus 

E. japonicus 
Potamon sp. 
Potamon sp. 

P. dehaani 

S. haematocheir 
S. impressa 

V. litterata 

E. japonicus 

E. japonicus 

E. japonicus 
Potamon sp. 

E. japonicus 

S. dehaani 
Potamon sp. 

E. japonicus 


E. japonicus 


No. 
exam. 


60 
27 
65 
67 
42 
24 
156 
405 
523 
156 


104 


135 
163 


No. 


posit. (25)! 


13(31.7) 
41(48.2) 
252(27.7) 


129 (89.6) 


3( 3.4) 


2( 2.6) 


128(78.5) 


No. cysts P. w. 

(MPC*) or Di 
| 

20(0.49) P. w. 

216(2.54) P. w. 

758(1.59)** | Pi. 

3,276 (22.8) P. w. 

7(0.08) P.w 

2(0.03) P. w. 

1,644 (10.1) P. wW 


PARAGONIMUS INFECTION IN CRAB HOSTS 


Locality 


22. 


23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 


Shi-ting (Abe) 


Fan-shu-liao (Gei 
Shi-tsao (GH) 
Ping-lin (HPK) 
Yu-kuang OS) 
Tao-tiao-tsu (SIRA) 
San Dn (UM) 
An-keng (Zi) 
Wu-lai (B54) 


“San-hsia (2) 


Wu-tan-keng (23491) 
Kung-liao (EX) 


Subtotal 


Taoyuan County 


1. 


5. 
6. 
7. 


Taoyuan (SES) 


2. Chung-li (Fm) 
3. . 
4. Chiao-pan-san (ARU) 


Ta-shi (KB) 


Shi-men (GF) 
Lung-tan (#2) 
Hsin-wu (HB) 


Subtotal 


Species of crab 


P. dehaani 
Potamon sp. 
E. japonicus 
P. dehaani 
P. dehaani 
P. dehaani 
P. dehaani 
P. dehaani 
P. dehaani 
P. dehaani 
E. japonicus 
P. dehaani 
E. japonicus 
Potamon sp. 
E. japonicus 
S. dehaani 


| S bidens 


S. dehaani 

S. bidens 

S. plicatum 

S. haematocheir 
S. impressa 

H. tridens tridens 
H. tridens wuana 
C. convexus 

E. japonicus 

P. dehaani 
Potamon sp. 


V. litterata 


E. japonicus 
E. japonicus 
E. japonicus 
P. dehaani 
P. rathbuni 
P. dehaani 
P. dehaani 
E. japonicus 
E. japonicus 
P. dehaani 
P. rathbuni 
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No. No. No. cysts P. w. 
exam. | posit. (22) (MPC) or P.i. 

299 16( 5.4) 24(0.08) Pw. 

168 3( 1.8) 12(0.07) P. w. 
50 2( 4.0) 2(0.04) P. w. 
54 — — | 

125 — — 

26 1( 3.8) 1(0.04) | Pw 
58 — — 
53 — — 

184 16( 8.7) 28(0.15) P. w. 
68 2( 2.9) 2(0.03) P. w. 
44 2( 4.5) 2(0.05) P. w. 

152 — — 

54 — — 
51 — — 
33 2( 6.1) 7 (0.21) P. w 
51 — — 
ee — — 

598 — — 

495 — — 

541 — — 

217 — — 

10 — — 
156 — — 
80 — — 
104 — — 
1,087 | 322(29.6) 5,176 (4.78) P w 
1,061 35( 3.3) 55 (0.05) P.w 
1,253 3( 0.2) 12 (0.01) P.w 
252( 2.0) — P. i. 

6 — — 

51 — — 

67 — — 

52 — — 

22 — — 

63 2( 3.2) 2(0.03) P. w. 
34 — — 

38 — — 

76 1( 1.3) 1(0.13) P. w. 

246 1( 0.4) 1(0.004) | Po 
94 — — 

63 2( 3.2) 2(0.03) P. w. 
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Locality 


Hsinchu County 
1. Hsinchu city (47B) 
2. Mouth of Tou-chien 
River (SRIAN) 
3. Mouth of Feng-san River 
(LAG) 


4. San-chi (IB) 
5. Hsin-pu (746) 
6. Chu-tung (WAN) 


7. Heng-san (Fl) 
8. Chia-lo village (LS 
9, Chin-ping (iF) 


10. Mao-pu Ef) 


Subtotal 
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Miaoli County 


1. Hao-kang (#859) 
2. Tou-wu (HAB) 
3. Hou-lung (#82) 


4. Tan-wen (28%) 

5. Chu-nan (WR) 

6. Tou-fen (Hi) 

7. San-wan (=) 
8. Nan-chuang (FEE) 
9. Wen-shui (307k) 
10. Ta-hu (AY) 


11. Kao-hsung Pass (865) 
12. Tung-hsaio (85) 


Species of crab NO posit. ( 26) NECS). or P. i 
E. japonicus 448 21( 4.7) 33(0.07) P. w. 
S. dehaani 22 — — | 
S. dehaani 58 — — 

E. japonicus 58 6(10.3) 10(0.17) P. w. 

E. japonicus 54 3( 5.6) 4(0.07) | P.w. 

E. japonicus 64 2( 3.1) 3(0.05) P. w. 

P. dehaani 33. — — 

P. dehaani 39 — — 

P. rathbuni 53 — — 

P. rathbuni 123 | 45(36.6) 106(086) | P.w. 

P. rathbuni 130 2( 1.5) 2(002) | P.w. 

P. vathbuni 75 — — 

P. dehaani 27 — | — 

E. japonicus 624 32( 5.1) 50 (0.08) P. w. 

P. dehaani 99 — — 

P. rathbuni 381 47 (12.3) 108(0.28) | P. w. 

S. dehaani 80 — — 
ln 

E japonicus 75 21(280) 65 (0.87) P. w. 

E. japonicus 44 1( 2.3) 1(0.02) P. w. 

E. japonicus 44 — — 

S. dehaani 23 — — 

H. tridens tridens 13 — u 

E. japonicus 27 — — 

S. dehaani 42 — — 

E. japonicus 27 — — ji 

E. japonicus 35 3( 8.6) 5(0.14) P. w. 

E. japonicus 39 2( 5.1) 2(0.05) P. w. 

P. dehaani 74 — — 

P. rathbuni 54 2( 3.7) 2(0.04) P.w 

P. dehaani 13 — — 

E. japonicus 32 1( 3.1) 1(0.03) P. w. 

P. rathbuni 67 3( 45) 3(004) | P.w. 

P. rathbuni 29 — — 

P. dehaani 31 — — 

P. rathbuni 116 31 (26.7) 119(1.03) Pew 

E. japonicus 37 — — 

S. dekaani 30 — — 

V. litterata 21 — — 
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Locality Species of crab NO: posit. (22) Naras 
13. Yuan-li Gr E. japonicus 36 — — 
_S. dekaani 33 — — 
Subtotal E. japonicus 396 28( 7.1) 74(0.19) 
P. rathbuni 266 36(13.5) 124 (0.47) 
P. dehaani 118 — — 
S. dehaani 128 — — 
H. tridens tridens 13 — — 
V. litterata 21 — — 


Taichung County 


1. Ta-an-kang (REYR) E. japonicus 22 — — 
| S. dehaani 68 — — 
S. plicatum 22 — — 
G. depressa .265 — — 
H. benicillatus 105 — — 
2. Ta-an (#2) E. japonicus 51 — — 
3. Hsin-po-kang (541) P. rathbuni 26 — — 
4. Wujih (SH) P. dehaani 33 — — 
5. Ta-tu (AI) E. japonicus 50 — — 
6. Mouth of Ta-tu River H. tridens tridens 47 — — 
(KAWAH) 
H. iridens wuana 20 — — 
C. convexus 23 — — 
Changhua County 
1. Yuan-lin (BRR) E. japonicus 28 — — 
2. She-tou (EH) P. formosanus 38 — — 
Nantou County 
1. Nantou (GB) P. formosanus 19 — — 
2. Chung-hsing village P. formosanus 43 — — 
(AN 
P, rathbuni 20 — — 
P. dehaani 24 — — 
3. Tsao-tun (Xi) P. formosanus 25 — — 
4. Ma-lin-keng (Bathe) P. rathbuni 161 — — 
5. Pu-li (48) P. dehaani 45 — — 
6. Shui-she (iit) P. dehaani 18 — — 
7. Chu-san (Un | P. dehaani 33 — — 
P. formosanus 11 — — 
P. sinensis 11 — — 
Yunlin County 
1. Tou-liu (3X P. formosanus 27 — — 
2. Shih-kuei-hsi (GAH) P. sinensis 1 — — 


P. w. 
or P.i. 


P. w. 


P. w. 
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. . "No. No. No. cysts P. w. 
Locality Species of crab | exam. | posit. (27) | (MPC) lor Pa. 
Chiai County 
1. Po-tzu (FF H tridens tridens 19 — — 
C. convexus 13 — eng 
2. Mei-san (4H) P. sinensis . 20 — — 
Tainan County 
1. An-pin (GEI H. tridens tridens 23 — — 
2. Ma-tou (RES) P. sinensis 36 — 2 -— 
Kaohsiung County 
1. Kaohsiung city (BET) S. bidens 24 — — 
V. litterata 12 — — 
2. Ling-kou (24H) P. dehaani 25 — — 
3. Mei-noung (25:42) P. dehaani 67 — —' 
P. rathbuni 85 — — 
4. Liu-kuei (7528) P. rathbuni 51 — — 
P. dehaani 46 — — 
Pingtung County 
1. Hsin-yuan (Gi S. bidens 37 — — 
V. litterata 15 — — 
2. Kao-shu (sli) P. dehaani 39 —- — 
3. Chia-tung EE) E. rectus 36 — — 
V. litterata | 32 — — 
————————— — 
Ilan County 
1. Ian city (Hm) E. japonicus 40 — —- 
2. Kuei-san (SA) E. jabonicus 41 — — 
3. Chuang-wei (OI) E. japonicus 47 — — 
S. dehaani 55 — — 
V. litterata 51 — — 
4. Lo-tung (HE) E. japonicus 51 — — 
5. Tung-san (411) E. jabonicus 26 — — 
6. Ta-nan-au (KEW) | E. rectus 106 — — 
Hualien County 
1. Hualien city (GES) E. rectus 31 — — 
2. Hsiu-lin (hh) P. rathbuni 28 — — 
3. Fu-li (EH) P. rathbuni 234 — — 
"Taitung County 
1. Taitung (RI) E. rectus 56 — — 


2. Chih-pen (AIDE) | P. rathbuni | 27 — — 


SPA 


* MPC-AÀn average number of metacercariae per crab examined. ` 
*x This figure was calculated from the 476 crabs examined during the period from July 1961 to February 1962. 


TABLE II 
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Locality Species of crab NO. p osi t 26) MEC. E i 
Total 

E. japonicus 2,709 383 (14.1) 5,301 (1.96) P. w. 

E. rectus 229 — — 

P. rathbuni 1,342 85( 6.3) 234 (0.17) P. w. 

P. dehaani ` 1,702 25( 2.1) 55(0.03) P. w. 

P. formosanus 163 — — 

Potamon sp. 1,253 3( 0.2) 12(0.01) P. w. 

252( 2.0) -- P. i. 

P. sinensis 85 — — 

S. dehaani 929 — — 

S. bidens 556 — — 

S. plicatum 563 — — 

S. haematocheir 217 — — 

S. impressa 10 — — 

H. tridens tridens 258 — — 

H. tridens wuana 100 — — 

C. convexus 140 — — 

V. litterata 137 — — 

G. depressa 265 — — 

H. penicillatus 105 — — 


Comparison of the intensity of Paragonimus westermani infections between ' 


Kinugasa's (1943) and the present studies 


Eriocheir japonicus 


Potamon rathbuni 


County Observer 
No. exam. | No. posit. MPC* No. exam. | No. posit. MPC* 
Kinugasa 846 2 0.002 896 1.05 
Taoyuan : 
Presentstudy 246 0.004 2 0.03 
. Kinugasa 1,451 115 0.08 1, oo | 10 | 2,353 2.15 
Hsinchu 
Present study 624 50 0.08 108 0.28 
. Kinugasa 1,831 1,202 0.66 2,085 2.15 
Miaoli 
Present study 396 74 0.19 124 0.47 


* MPC-An average number of metacercariae per crab examined. 


only in Taipei County. There is little 


known as endemic areas for P. westermani 


doubt that an extensive survey would find 
this species of crab infected with Para- 
gonimus metacercariae in Hsinchu and 
Miaoli Counties, particularly in the mount- 
ainous area. These two counties are well 


and moreover, Nakagawa (7) first incri- 
minated P. dehaani as the crab host of P. 
westermani in this locality. An undescri- 
bed species of crab, Potamon sp., was re- 
corded as the host for P. westermani for 


H 
d 
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the first time (8). In spite of every 
possible effort the search for Parathelphusa 
sinensis, as a crab host for P. westermani 
reported by Yokogawa (9) at Shen-keng 
of Taipei County, failed. This crab was 
collected from places south of central 
Taiwan where no infected crabs have been 
found. 

The rodent lung fluke, P. iloktsuenensis, 
was recovered from Potamon sp., collected 
from the northern tip of Taiwan (6). 
It is of interest that Potamon sp. acts as 
the concurrent host for P. westermani and 
P. iloktsuenensis, Examinations in 1964 
showed that the prevalence of P. iloktsue- 
nensis infection has decreased since 1961. 
Only 8 (6.3%) of 127 crabs examined were 
parasitized with cysts as compared with 
244 (31.2%) of 782 crabs examined during 
a previous time. This decrease is probably 
due to the effective rodent control program 
conducted by the local government and 
the great number of snail and crab collec- 
tions made at this limited focus. 

Although many brackish water crabs 
were examined, no Paragonimus metacer- 
cariae were recovered from them. ` 

Four species of small crab-transmitted 
flukes besides Paragonimus were found in 
the present study. A new avian intestinal 
fluke Macrostomtrema tamsuiensis was des- 
cribed in two species of the brackish 
water crabs, Sesarma bidens and S. plicatum, 
from the Tamsui River in northern Tai- 
wan (10). This fluke was also found in the 
crab, S. bidens, from the I River of Kao- 
hsiung city. A rodent intestinal fluke Micro- 
phalloides japonicus was recovered, for the 
first time in Taiwan, from the brackish 
water crabs, Helice tridens tridens, H. 
tridens wuana and Chasmagnathus con- 
vexus, collected from the mouth of the 
Tamsui River (11). An avian intestinal 
fiuke Gynaecotyla squatarolae was found, 
for the first time in Taiwan, in the crab, 
Goetice depressa, collected on the beach ef 
Ta-an-kang in Taichung County. The in- 
fection rate was 56.6%. The cysts were 
found in the green glands of the crab 
only and varied from 1 to 46 in numbers 


per crab, averaging 4.4 per crab. The 
cysts are round to broad ovoidal in shape, 
257.4 to 330.0 x long by 235.6 to 327.04 
wide (average: 296.3x 284.1 4). The cyst 
wall consists of a thin inner membrane (2.3 
to 5.6 x, average 3.6 u) and a thick outer 
membrane (4.6 to 16.5 x, average 8.3 u). A 
small liver fluke Stephanolecithus parvus, 
which was described by Yokogawa (12) and 
Nakagawa (13) in Taiwan, is widely dis- 
tributed in central and northern parts of 
the island. The cysts were found for the 
most part in the liver, muscles and gills 
of the crabs, P. rathbuni and P. dehaani. 
The rates of infection varied from 15.4 to 
59.624 according to the species of crab and 


-locality. Mixed infections with P. wester- 


mani were quite common in P. rathbuni 
in Hsinchu and Miaoli Counties. The cysts 
of S. parvus are. 156.8 to 184.8 x in dia- 
meter, averaging 171.94. The cyst wall 
is composed of two layers, 3.6 to 634 
thick, averaging 5.0 x. 
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